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A Gas-Liquid Chromatographic Method for
the Determination of Permethrin in 0Oily Crops

PR

Scooe

The method is suitable for the quantitative determina-
tion residues of the cis and trans isomers. of permethrin
in oily crops such as cotton and corn. The limit of
detection is 0.01 ppm of total permethrin.
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Permethrin -- (3 Phenoxyphenyi) methyl (#)-cis,trans-3-
62,2—dichloroethenyl)-2,2—dimethylcyclopropanecarboxylate
"Molecular weight: 391.28 -

Method Summary

Crop samples are extracted with 20% acetone in n-hexane,
the extract poured through glass wool to remove insolubles
and the solvent removed with a rotary evaporator. The
residue is redissolved in 15% dichloromethane in cyclo-
hexane and cleaned up by gel permeation chrormatography.
The solvent is again removed by rotary evaporation, the
residue dissolved in n-hexane, and further cleanup done
with a Florisil column. The solvent is removed by rotary

.evaporation, the residue redissolved in n-hexane, and the

resulting solution analyzed by gas-liquid chromatography

~using an electron capture detector.

Reagents

a. n-hexane, pesticide quality

b. Acetone, pesticide quality

C. Cyclohexane, pesticide quality

d. Dichloromethane, pesticide quality
e. . Diethyl Ether, pesticide quality
f. Sodium sulfate, anhydrous, ACS

g. Florisil, PR

h. 53 OV-210 on 80/100 Gas Chrom Q

i, Permethrin standards

Apparatus

a. Wiley Mill or other suitable'apparatﬁs for grinding
the samples. -
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Sorval Omni-Mixer or other suitable high speed
blender.

c. Glass columns, 30 cm x 2.5 cm with Teflon stopcocks
with a 60 ml reservoir at the top. .

d. Gas Chromatograph fitted with an electron capture
detector capable of operating at 300°C. - :

e. Automated preparative gel permeation chromatograph
(Analytical Biochemistry Laboratcries).

Procedure

Gas Liquid Chromatography

Glass column 180 cm x 0.2 cm ID packed with 5% OV-
210 on 80/100 Gas Chrom Q and conditioned at 270°C
for 24 hours with 60 ml/min carrier gas flow.
Temperatures: Column oven, 215°C; Injector,
240°C; Detector, 300°C.

Carrier gas flow rate - 60 ml/min.

Gel Permeation Chromatography

a. Column - 30 cm x 2.5 cm packed with 55 grams of
Bio Beads Sx~3, 200 to 400 mesh.

b. Solvent - 15% dichloromethane in cyclohexane.

c. Pumping rate - 5 ml/min.

d. Dump 130 ml, collect 60 ml, wash 10 ml.

Determination

a. Thoroughly mix the chopped sample and weigh a
representative aliquot containing approximately
2 g of lipid into a blender. Add 100 ml of 20%
acetone in n-hexane and blend for 2 minutes.

b. Filter the mixture through a glass wool plug in _
a funnel. Rise the blender with 2 - 50 ml portions
of n-hexane and pour through the funnel. Collect
the filtrate and washings in a 500 ml boiling

: flask.

C. Evaporate to dryness on a rotary evaporator at a
temperature not exceeding 40°C. :

d. ‘Redissolve the residue in 20.0 ml of 15% dichloro-
methane in cyclohexane and transfer 10 ml to a

4 15 ml centrifuge tube. :

e. Centrifuge to remove insolubles.

f. Inject 5.0 ml of the clear solution into the gel
permeation chromatograph. Elute at the rate of
5.0 ml per minute and collect the 130 to 190 ml
fraction in a 125 ml.boiling flask. ,

g. "Evaporate to dryness on a rotary evaporator at a
temperature not exceeding 40°C.

h. Prepare a 5 gram (25 mm x 22 mm) Florisil column.

covered with about 10 mm of anhydrous sodium sulfate.

This column should be dry packed.



i. Transfer the residue from g to the Florisil column
with 3-2 ml portions of n-hexane. : :

Je Elute with 55 ml (this volume will vary with each
batch of Florisil) of 10% diethyl ether in n-hexane.

k. Evaporate to dryness on a rotary evaporator,
redissolve the residue in n-hexane, and adjust the
volume to exactly 5.0 ml (1.0 ml for oil samples)..

1. Calibrate the gas-liquid chromatograph with permethrin
standard solutions. N

m. - ° Analyze the sample solutions. Calculations can be
done using peak height or peak area comparisons.

NOTE: When using GLC peak height comparison the
-~ apparent ratio of cis : trans will be high if
it is assumed that the two isomers give equal
weight responses. Because of this, peak area
comparisons is the preferred method of calculation.
Both methods give accurate total residue values.

6. Accuracy and Precision

Analytical standard permethrin was analyzed using the
method described. The results in Table I show that the
method gave quantitative recoveries of 50 to 1250
nanograms of added permethrin. The relative standard
deviation was 18.1 for 50 ng of added permethrin and
‘decreased with higher amounts to -5.7 for 1250 ng

of added permethrin. ’

Similar results were obtained for permethrin added to
ground ginned cottonseed..  The results in Table II

show that gquantitative recoveries with good precision
‘were obtained from concentrations of 0.02 to 0.50 ppm.

JPU/bsb/4-1"



. Table I
Recovery of Permethrin from Standard Solutioms

Recovery

Added, ng ’ No. of Analyses/a Mean, ng Percent Std. Dev. Rel. Std. Dev.

50 5 52.5 105 9.5
125 5 133.5 107 9.8
250 5 246.5 99 16.8
1250 5 1188.5 95 67.3

a/ each analysis of each concentration done on a separate day.

Table II
Recovery of Permethrin Added to Cottonseed

Amount Added : Recovery

18.1
7.3
6.8
5.7

ppm ng No. of Analyses Mean, ng Percent Std. Dev. Rel. Std. Dev.

0.02 50 7 58.2 116 14.6 ©25.1
©0.05 125 7 130.0 108 22.0 16.9

0.10 250 8 - 250.3 100 21.7 8.7
10.50 1250 10 1204.2 96 ©78.4

a/ each analysis of each concentration done on a separate day.

6.5
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ADDENDIX

o e ==y AT = aper - —T A e AL S\ TR AT M T AN AT M e g
MULTIRZESIZOT ANALYTICND MZTECD TCR T=X DITEZEMIVNATION T FzZsICUzs

- R AT mmm | AT R m AT T TA] ST T er T AT yare s ppep— e
OF METAZCLITIZE TF FEIFMITERIN W MIZX iND ANWIMRAL TIzZET=s A

suitablae for “he cuantitative determinatica of

metabo , IIZ in milk and animal %sissues. An acii
hydrolysis stan is included =2 z2lleow cleavage of any coniugatas of
o : g b I »
the metaroli=zss. i
m
x
m
. z
Il mmia  mwane—Ia(d 2 m
{+)=~cis, =xrzans=-3-(2,2-~
~ -
I =N / » dichlorovinyl)=-2,2- ©
a/"‘ o dimethylcyclerroranacarkexylic -
g acid (CC7 monocacid)
.

| ﬁ/:tw . rrciﬁ 3-phenoxytenzyl atcohel (3-8
t H - by
II  poa ~D~g~  2lcohell

(f‘tbi H/ttﬂ 3~pnenoxybenzoic zacid (3-33

IIT Ho\\//k\<§;k\A//\\<§> acigd)

]

vy

The limit of determinaticn of the metzed is 0.01 mg kg of 2CV
monoacid, 3-PB alconhol and 3-78 acid.
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Scnems |
*

Steps usad in The assay procedura for permethrin metacclit2s in csw Tissve samcles ¥,

Aqueous meThano!

Extractrien (ramecvas >oth free and zsonjugatad
pH10 metabol itas pylus 2 pervica of any
(centains any frae sermeThrin rasidua.)

3-F8 aicencl 2ang any
permeThrin axTracTa4)
Orzanic ——————— Zar+iticn

Y
Aqueous (con*t2ains all z2cidic metacelitas
GLC pH10 olus any ccnjugatad =S alccnol)
analysis combined
of 3-f2 &———— ‘racricns
alcchal derivatisad
residues A Acid hydrolysis {(cleaves 2ny conjugatad
1 pr<z metadol ites)
\
Organic -—-——— Parvition
(contains any 3= 7S alcchnoi gH10
originally presaent 2s !
B conjugaTas) l
Partiticn ————>» Jrzanic (coatzins all zcidic
pH<2 metzbolitas)
\
Aqueous Cerivatisaticn
(discard)

GCMS analysis of
CCY mono and 32 acid

* Milk samplas have the extracticn and first partition ccmoined inTo one sTep.

J
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STMMARY
A schsmatizs cuzline of the ro

In summarv, methanol:watar is

con3inzgacad resilue mes

ceduras used is shown in Scheme 1.

2zollizes.

S rmechriz
extractad =y this zrocedurs is partiticned cuz, along Wizl
residues of "frae" 3-23 alcchol, into an organcs sclrant. The
remaining acidic and conjugated residues in the agqueous ghase ars
subjected to an : rolysis step which cls2aves any conjugazad

forms cof
way
and the ccmzined residues
anhvdride (I¥33) =Z¢ form
alcohol.

~ -
< =
=2 + A 1 i mawra~ 3 by S
ragLaues lLilIeraT23C 0.1 LAL3
4231 separzzad "Ira2" 3-33 alzohol
Y jo T22 3 alzchol
mad wi=mtm mame=ailiawspuTyTics
--a — —- .o-;—’\-h—-—-ﬁo~v~‘-—!— i
=" -—ymep? 3 - b -
eptailuorcputyryl Jerivative oo e

do — | 1
= WH = /\/\/:C:Q-:—
\/\g \/\: <=
3-78 alccrol 3-%3 alcohol =F3
Quantitative detarminztion of sha 3-P8 algchel =53 is then carriaed
out by gas-licuid chromatagrapny tsing 2lsctron capturs
detecticn.
™e acidic metabdlizes I and IZI (of Zoth ZIzes and coniugatad
oricin) ars collactad in a siagle frzcticn after the hydrolysis
s=2n. Ths netaiclizas ars conver 2z <Their meziyl aster

derivatives by tr=atment with

N

=

DCV mono acid

) O

=

III | ;
\\u/A\O’/\\ﬁjﬂ\E/sH

3-28 acid

-_—=
=4
diazcmetcana.

A

a
a

4

DCV mono Me

3-PB acid Me



B L S

-

+ e ik 0

The methyl astarzs ara
)

ciare

fon monicori

- < A p— -
suanzitaszively determined using zas ‘?
- el - - p
23sgrazny - = sgectronatnry (GCMS) crerztad in tha gelactad

I‘ "y
H
~

- 3220 3 Iee 4 B oo - b 3
a QCCLILaQ TIrTgsecurs, I whicn the initizl extraczicon and
- = - ‘. . s = J . .
suuseque ¢ ramcvsl of zarsnz permesirin ané frxee 3-738 alcohcl are
1 1
- -

(b)

(c)

(e)

(£)
(g)

th)

(1)

~
[N
o

staep, was used Zor md

Derivatisation r2agenzs, 2srecizlly purified for elaczron
captura gas chrsmatograzhy; Restailuorzcbutyric anhivdrile,
pyridinae. Availabls frecam Plerce and Warriner, (UX) Lid.

zion) freshlis ;re;a:s" -l e
P T % & 2 )

1
&7 kit awvail

Glass wocl, contaminants ara removed by “reatment wizh
Sox: 2

refluxing 2exana Iz 2

Fractosil SI 200 silica gel, availadle Ixem BDH, TX.

Stationary oshase for cas-liquid chromatocrapny, a phenvyl-

methyl silicone, OV17, coated onto a support matesrial
Chromosorbh W=EP (80 - 100 #) Availabls frcm chrcmatsgrachy

*
suppliers eg FPhasesep, UX, Lid.

Gas for GLZ - 5% zmethane in argen (for =C-GL) and Reliun
(for GCMS), drisd bv passing through molecular sisve :tvze 3A.
Available from 3CC, TXK.

Samples of I) dichlcerovinyl moncacid
II) 3-Przencxybeazyl alcchol
III) 3=-Phenoxytenzoic acid



N,

(o)

(<)

(a)

(e)

{g)

()

(1)

(3)

P

_provided

4

Tquipment for the initial pregaration cf samples, 2.3. Hobaxrt

focd mincer.

Hich speed aCcerator, 2.¢. Sorval Coni-mixer.

Lakoratory glas-wa:e: Mason 3ars (300ml), measurizg sv7linders

(10ml 25Cml), 3 izattes (iml - 10x3), 3uczner lasks and

funnels (300ml), round botzcmed flasks (30ml = Séml), glass

storperad centriluge TuiZes (1¢ml), cliass chromazograzny

columns Zox:

(i) adsorztion liguid chromamogTracly (i Z.2. x 25
length)

(ii) for gas-licuid chrcmacsogTaphy (180cm x 0.2cm I.D.)

Rotory evaroration a;pa:atus} e.g. 3uchi,

Manifold for oroviding centle strean cf dxy airs Sor

evasoraticn <f s:a volznes 2f solwvenc.

Txsralu= . sarcitisn coluzns availabls Izom Merck, rmany

or suppliers, 3208, TX.

Ultrascnic zath 2.g. MSZ.

Gas-licuid chromatagraph fitted with an =2iectzon capturs

: == = - . 23

detector, 2.§. Zewlztt Packard 3710 seriss Zizzed wizh YNL

(15mCi) model 1373 alsctron captuxe dezacter.

Svringes for gas—liguid chrom atograznay, g. Zamilzom 10ul

Note — the use oI
equipment, e.g. EZewlet:
provided (a) suitably
reproducibilisy better
from consacutive injections
contamination arises tke
autosampler v*a*s er vial

Packaxd 78713,

+n2an 5%, b)
is obsexved,
in

caps.

Potenticmetxi
equivalent

zen recordex
Ms*"'-..me....

{(1aV), 2.g9.

Note - the use of an elecixonic
peak areas, e.g. Zewlett Jackaxd
Hewlett Packard 3380A respor:iin
addi%ion o the chrcmatograpnic
that the analyst is satisfi ed
Beth accurate and precise.’

- - <

given is

zorT

Perkin

Zor
dazz
can

-

en.
e.

V]

an aus=osampler apzaratus with GLC
i5 satisfzactory
srecisa injections are achiaved,

o Y oy e
-k

che

1
[
"
wn

[+)}

i.2.
no cross-contamination

and (c)
final sample due %0

no

measursment of
systam or

e used (in
recaor

arsa Iesponsa

caxr
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(k) Gas chromazzgrazh - mass stectrsmexzar cagabla cf crerazing in
the Selsctad Ion Monitoring (3IM) =mcds, z.g.
(1) Gas chrocmatogrash - Hewlect Packard 3710A wizh =eaczad

2
injeczien sors.

(ii) Interlace - V. G, Micromass singls stage gl
separatsr.

(iii) Mass spectromezar - 7V, G. Micromass 187 sin

CUSSing macgmetis sactor instrument agui jo!

Q s o
2 amp nagnet suzply umis andé watar coclad
{iv) Selactad Icn Monizsring unmis - 7. G
8 peak x S8 chann h= pa
integratad "mass leock" Sfzcilinv,

:
Micrem

[ N
=

(w) Muliti-gen recorder - Rikadenki xzcdel D36.

Nota - While all the r2acents and aggara
- il

g .
rograrmadlie wnit rhaving an

- S 4 ‘Y
ass digital

et

individually checked for gurizy, is is necessary o analvse
Teagent blank samplas, whers the complata Srccecdure 123 Zeen
carried ocut in the absence of sampla. This will enazla =-s
analyst %o verily wnather the svstem croducss Simzl
chromatograms which 2rs Srae of intsrfaranca at the rataniicn
tines of the mezzbolita derivacives.

2RCCEDURE

Gas-Licuid Chromatzsgrazhy (GLL) for the Detarminasien =Ff =ra

HEeptallucrstunyTvl Tarivative of J=Phernoxyzenzvi Alconcl

o - o :
150°C; Injector tsmperature 200 C:1Det

ier gas flew zata 60 =l min .

Using the akove conditions <he h

SCTOor

e
phenoxytenzyl alconrol chromatogracns as a singls symmetrical
of 5etention tine 5.2 minutes. Sensitivity is such =hat 0.2 x
10 "g of 3-phenoxytenzyl alcohol convar<cad

0
[8}
b

t
I
®

[}

heptafluorobutyryl derivaszive gives agg
deflection when indiected cn-column, with slac-romets
set at x 32 ané the sotenticmetric rescorder range on Im

=a 2qn 3
2% Iull scale
-

attenuation

Ve

Gas Chrcmatcgravhv - Mass Sgectromesry (GOUS) Coerzzed in =he
Selected Icon Mcnitoring (3IM) Mede Zor ==a Analvsis of ZCY acno
acid and 3-Phenoxybenzoic acid 25 their rasceceiva Metnrl

Gas Chromatcgraphy

Column 180 e x 0.2 cm I.D. 2% COV17 on Ch;cmosorb WED |
carrisr gas (helium) flow rats 30 =l min .

[¢3]

0 - 100#)1
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(a) ©DC7 mcncacid (oexzhyl escer)

: -=9 . .

(1) cotal iscmers : ovenota:;eratu:e 1737C; injection
port =emzerazurs 2C00°C, gives a singls geax a2t
retancicn t=ime 2.0 z=ins,

(ii) 4i= %’idual cis/trans iscmers : ovan :gm;era:u:e
130 C; iniection Dor< temperatura 130°C, gives two
peaks = cis iscmer retention time 3.0 mians, Ltran
isemer retanticn time 5.8 nins.

(2) 3-?6enexy:en:oi: acid {zexzhvyl esge:) T oven gcamparaturs
2007C; injecticon t2mperazure 2302, gives a singla
chromatograznic ceak at 3.0 minuces.

Mass Spectrometry

; -5

Tlectron ;mpacto:cde; scurce pressurs | x 10O Torr, sous-ce

temperaturs 220°C, separator tamperatura 220 °C, 2lactzcn

energy 70 eV, Zilamen% currant 200ud (Zzap stadbilised),

accelerating woltage 4XV.

Resolution
topped peaks.

Sor SIM set 2= 500 (10% walle:s

The full mass spectra of the Tethyl esters of the three acidic
metabolitss are shewn iz FIG 1. )

2

The Selachad Ion Menissring (ST
monitor the Zollowing z/z values
indivicdual ccmpeund.

{(a) DCY moncacid (methyl estar)

m/z monitored ion species

222 u

187 w-c1”
163 M~CO_CH_

(b)
n/z monitored

228 M
197

169 M-CO 8

23

3

ion specias %

1

} tnit is zrograrmed to initially
in the spectrum of

aac™

avea

% ralative abundance

S%
87%
100s

3-PhenoxyrtenzZoic acid (methyl aster -

ralative abundance

00s
90s%
42%



TIG 1 Tlsctron imzact {T0aV) mass soe2c=rz of me<akolisa
SetnvL 2sI2Cs - oot
. -+
~ ECY mono acil (Me) M-CO,CH,

100+

: ) Cl
30 - —1+ \_

o - CO,CH
A | M~Cl P 2CHy
187
Rel. .
int. 80
49+ -
26 <
+
M.
222
! !
h bt !
o !l [} ' i i » s l . . i T 3 ‘
. 100 <00 300 H/e PR
3-2B acii (42) st
- ""1+ PN
16 M-OCH, *==3

5 . ' : 197 . ’ : )
AR ; . O O

€O,CH,
Rel- . 2 2
In?. 44 . ’
M-COCH]
169
40
20
li
!
) l ! il
o i » . ] i i 1N i i i [} [} l
i 100 200 39

Ol'ﬂ/e-—-h—

M
ams cath s et e o
N



b ocewd

B T

(s

(V) )

(v}

w
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" Note =~ Tor guaniitative determineticn usuallvy cnlv one icn -

(that giwving zhe nighast signal nolse ratio) is used fz2r 2ach

(c)

(d)

(e)

Milxk

(a)

Weich a rapresantacive sub sample (50 ¢) of the minced =issue
into 2 S00 =1 Masen jar, Add 30% 7/v metihanol : wa=ar
adiusted 25 2HY wizh sodivm hvdrexids soluticn (200 i) and
celita (10 g) and nacerats at 2igh sgesed for 3 minuzss.
Filter the macerate through a Whatmans Yo 41 fil%er zager in
a Buchner ZIunnel., vWash the rasiduwm wizh 30% metlansl
water just the 1 volume ¢f Zil«erate
eC

to exactly 230 mls usizng further M

Transfer an alicuot (50 ml 2 0 g tisstve) intes a r.h. Ilask
and rotarvy avagoratz down =o 20 mls %o rCamove metihanol.

Place The aguscus axtract cnto an Ixtra2lubt parzisicon column
and alleow it tc percelate ontce the column for sxactly 13
@inutes. IZlutas the Ixtralut column with hexane (30 =l) and
dichlorcmetnane (30 2al) and collact Zoth organic 2luatas izso
a single 250 =21 r.b. flask., (This Iraction contains the
parent permethrin extracted ané any "free" 3-zhnenoxrbenzvl

alcohol).

Wash the Zxtrzluz column with mezhanol (1006 ml) and collazs
this eluata in a 250 m»Y r.b. £lask. ZIvaporatas ths axzrac:
down t5 20 =zl acueous rssidue (this Iraction contains all
acidic metaZolites ané any ccniugated 3-zhenoxytenz
alcohol).

Measure 2 well mixed sample of wmilk (10 ml) into a 300 =l
Mason jar and make basic by the addition of 0.1¥ sodium
hydroxide sclution (10 ml).

Add 50% v/v acezone : anexane (€0 :l) and blend am zedium
speed using 2 Sorvall macerator Zor 3 minutes. ’

Transfer the mixture o 2 250 =1 separatiag Sunnel azd allow
the phases o ssparate.
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Hydrol

Rwn=~0fZ zhe lower, 2 _=cus, snhase
- 2

contalaing the acidi
metazolitas and coniugatad 3 <z

nol, inzTo 2 r.b. Slask.

Collsct the remaining orgznic shass, containing zarans
permethria and any frze 3-73 alcchrnel in a fur<her =.>.
flask.

78is and Pzrtiition of Matzbolizes

(a)

(b)

(c)

(d)

(e)

——-g;rt;:;cr with M sedium hvdroxida solusicn (2 x 2

(g)

(h)

fractions (20 =ml) obtained Srom 3.3.
keat under ra2flux Zor nours 2o hydéro!
netaholitz rasidues.

Add concentratad hydrociloric acid (2.2 =l) to the acueous
T '
.

Cn cooling, add ammcnium chloride (2.3g) ané txransisr <he
hydrolysed aguecus extract onto an Ixtreluc par=itisn coluomm.
2lut matrix Zor

Allow the extract to rercolazs ints the ITxrr
13 minutes.

Zlute the Zx<rslut column wish disth
by dichlorcmetiane (30 =l) and ccl
eluate in a z.bh. £lask.

Zvaporata the mixtura down <o small volume and radissclve =he
tracts in dichlorcmethane (30 z:l).

Transisr the dichlorometzhans =9 a 100 =l sep. Sumn

2

3
Collect the zasic fraction (co Taizning 311 <he acidid
metabolitas) anéd =he é;cn;or:ne-:ane fracticn (conz
lizerated 3-?3 alconol residuss) sezarzzal

Combine tize dichlorcmethane fracticn with the organic
extracts cf "free" 3-33 alcohcel W
5.3.2(c) and set aside for deriwva
heptafluorobutyryl 3-73 alcchol

Acidify +he bhasic @x*— cts (fxem (2) above} &5 pH<K2 by the
addition of concentrated hydrochloric acid. Partition the
acid phase with d;et“y_ ether (25 ml) followed kv

dichloromethane (25 =al).

Combine the ‘wo organic extracts into a r.b. flask and
evaporata ccwn %o a small volume, 2ml, using 2 rot
evaporator.

3
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N

.

(1)

Transfer “he small wvolume remaizing in the =.b., <lask =2 a
10 ml graduated centriltige ule and 2vapcratae %o dr-mess
using a gentls: str2am of drv air. Thorouchly cinse =he =.o,
Slask with Zuzther dichlorzmetiane (2 x 2 ml) and sransar
each rinse o the cantriligs tule, Slowing <o drvmass 2s
above on each occasion (:this procadurs resmcves tracas of
water azsotrspizally). Set aside Isr methvlation of <he
sing diazomeczhane.,

acidic metzzZolitzes u

S.5 ’ Cerivatisa=

(c)

(d)

(e)

Zvaroratz the combined organic extractss <containing I-°2

alconol residues {(3.3.1{d) or 3.3.2{c) and 3.4(%)) almcst =2
dryness using & ¥otary evapeorator. Transfar tha small volum
remaining to a 10 ml graduated centrifuge tule and avaporacs

c
to drymess using a gentle stream of dry z2ir. Thorsughly

rinse the »r.b., Zlask with Suztizer dichlorcmetiarns (2 x 2 =)
and transfaxr the rinse & > a2
watear.

Add 0.4% v/v pvridine : &h

lorzZorm (1 ml) Zfsllewed ov
heptaZluoroputyric achydride (100 ul), Tilt the cenzrifugs
tube to thoroughly wash down the walls of the tule, stooper,
and allow %o stand at rocm temperaturs Zor 13 minutas,

Zvagorats oI excess rs2agent and sclvent under a gentla
stream of dry air (V.3. in a fume cupbcard) an

(5 ml). Thoroughly mix =2e conmants of =2
w/v scdium bicarbenata solution (3 al).

Mix the tube ard contents Ior 135 seconds. Remove an aliguo=
of the tcluene (2 :ml) ané transfer to the %Lcr of a hexa-a
equilibrated Tlorisil (1.3 g) column cavred Witk grznular

anhydrous sodium sulphats (0.5 g). Zluze the columm with

toluene (10 ml) and collect &the eluats in a graduatzed

centrifuge tukte.

Evaporate the toluene to exactly 4 ml under a gentle s=rean

of ?ry air o give a final sampla to solvent ratis of 1,0gq
- : A S .

ml . (1.0ml =2 Sor milk samples).
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(£)

<
9 give Iinal solutions containing
et

" » <. -
S alcocnol eguivalzanss.,

()

(c)

(4)

All operations involving diazemethane must Se car-isd su= ina
a fume cusboari. ’ ' '

21} 22 the driad extract csontaining =ha
acid mezabol s cbzained in 3.4(1) and cheroughlv rinse Zdowm
<h e TiDe Dy wilting the centrifuce <ule. 2déd
£xreshly praparad Lhe

sthersal diazcmethane (1 ml) and slug
end of the %LTule Wwith co:z=
for 30 minuczss.

.. 1 . - 3 - - - *
cn weol., " Ultrasonicaza tha

]
"
i
fa
I
[{]

Evaporats the excess Tetihylatinc rzacent down =3 0.3 ol undaer
a gentl=a stream of dxy air., Add hexane (3.0 al) and warar
(4.5 ml) =2=d shaks Zor 15 seconds. Allow =he zhases =o
secarzta,

Remove an allz:ot ¢f the ugzer nexane layer (4.7 =l) ard
transier to a second cenzrifuge =uke. Joncenzra-a =he
solvent tc exacily 9.3 aal i.e1 L0 give a 1 1

ratio of 10 g =l {10 21 =l for milX samples)

Standard solutions containing accurataly known amcunts of
2ach 5 the <s R . 1.3

n 'g

O N

£ 0
t

o

I+ by

O i ru iy
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0n

(e}

[§)

o]

(t

I

I3
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n

CONTRCL AND RECCVZIRY Z{PTRIMENTS

(a)

{b)

the hydrolysis step.

Untreatad contzol samples must ke analysad using the
procedures described in order %o demonstrzts =has andogenous
substances present in the samples do nos interfare wish =k
final cetermiration of any of the metabolite derivatives.

Recovery exgeriments iz which untrezzed control samplas
accurataly Zortified with a Xnown amount ofFf e
must Ze analysed alcngside any satch of sampl
determine the percentage efficisncy of recovery
proceduras used. The % recovery of 3-28 alechel sh

W

culd =
examined Zoth by fortificazion of the original sampnle oric
to extraction and also 2y Iortificaticn of the sampla aftar
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deviation

22 ¥ racoverv Zfa%ta =ilk wera
Zw Ssrwiiisd oric:

Tissue 2C7 zen 3-8 alcorol 3-8 acii

acid

liver 71,82 83,81 46,70
kidney 72,63 94,30 53,89
pectoral 6,92 - 88,80 $2,49
muscle

adductor 54,33 93 83,33
muscls

cardiac 66,60 77,92 67,70
ouscle

milk 62,57 50,58 84,33
nean 69% 24% 53%
recovery

(tissue)

standaxd 11% 8% 13%
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FINAL 2"

4

ANTITATIVE SITIEMIVATION CF MITASCLITE SISIOUT

< - - = el el

L3

Gas Lizuild Chrcmazocraztihic Teterminzsizn ofF 3-22 Llzohol as +2ha

HepraZlucroouzyrvyl Tarivaztive

(a) Make rapea=ad injecticns ?f 2=3 ul 2of an azpalvsical standard
soiuticn, =.35. 9.1 ug 21" of 3-93 alconmol as =he
heptalluorcputyryl deriwative, cracared as descrized in
5.53(2), ints an EIC-GLC cperatad undar the condisicns given in
3.1 When 2 consistant rasgeonse 15 cbtained measurs =he smeak
neight (or reak area when 2lac=ronic inzagraticn faci;;:y-;s
available) rzcordied Zor zhe standard solution.

(b) Inject 2-3 ul of the Zderiwvatised szampls soluticn, obtained
from 3.5(2), and similzarlv xzeasurs the restenss 2z the i
retenticn tize of t<he 3-53 alconcl ET3 darxivatziva,

(¢) Calculats ihe measurs< rasidue, sxorassad in =g kg-1 {Zer
tissue samzles), or m=g L ' (For milk samplas) using a
siopls prozorciornation calculztion i.a.

(4)

R

—— _— — - . L =1 -1
i X = measutrsd residue (nckes cr =g L )
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f‘A = Resycnse {zeak teigh= or arsa) 2f analysical standard
- solution).
V. = Voluze (ul) of sampla iniec=tad,

V. = Volume (ul) o

ki
N
8]
[N
J~
J
' .
0O
fu
n
ol
(]
o]
L
fu
H
L
.A
6]
(W]
1]
O
o
[
'Y

. -1 .
C. = Concentration (g ml ') tissue, (ml ml ) milk, of
final sample solution.

iy -1 - .
C, = Concentration (ug ml ) of analytical standari
solution.

Corxect the measursd zrzsidue value calculated a2bove for the
mean $ recovery obtained Ior the recovery axperinents carri
out simultaneously with the samplss e2.g. £or a mean 75%

Q
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residue = zeasured residue X 1

n
]
0
[o]
<
{D
4
0]
4]
H
H
o
0
cf
0o -+
A

~)
(V4]

(AN

P



ek wabeas

.;.‘..bx..sh;s-‘-..n'.l... -

7.2

GCMS = Salac=ad Ion Mconizcring Cezarminavisn af o Moncacid and
3-P3 Acid 23 zThsiz Mesnvl Zsszars

(b)

(¢}

(4)

(e)

-injected, i.e. ensure that the 35IM davice is se:z rracisely za=

;n:?c: 2-3 ul of a strong standard sclusion, 2.g5. 100 ug
Al , cf 2 derivasiszed acid mezzicliss imca <he SOMS
operatad undsr tihe condizicns dascrized in 5.2,

Tine the Zass spectrometsr In order that a maximum Tsscconse
is obtained when the standard soluticn is resgea

[}

the recguirsad /z valuss.

Incrz2ase the amplificacicn gain in arder %has =he szansizivizy
~is sufficiesn: to give a measuradbla resconse at the lizis of
determination Zor sach m/z zscorded. Iniect 2-3 ul of a
control sam;la and observe tha rascensa on each =/z valus
recorded at tha ratention tine of the acid metatolita merhvl

ester. Select the 1/z channel which will have zhe = e
signal &5 noise ratio for residues of the me=akbolite 2nd :sa
this for cuantitative measurements.

Selsct an 2DDYepr
e.g. 1.0 ug ml 'S
constant rasponse 13 oktain
for the me ™
the releven

o
rn
[y gw

0

|-l

}.4.

or

M

)

Inject 2-3 yl of the sample solu
measure the r2szonse as zeaxX xeld
-

5
respective ratanticn zizmes oFf 2a

Calculate the neasured rasilue in =g kg for tissue

=t St ) .
samples or mg L Sor milkX samzlss Iy proportiomatzicn as
described previously (7.1(c)).



Calculata the corraczad re

idua valies =v

sidu
normalising Ioxr Zean 3 rzcoverv Sor zThe
approprizt2 metabcelizs in 2 similiar mSanmner L2
“/A)
(4

dascrized 7.

(g}
[0

&a

Zleckron capturse 3LC tracs for the Sinal
detarmiznazicn of 3-8 3l-~sd as th

Selscted ion monitoring (m/z 137) GOMS
trace obtaized Ior the aralysis of COCV
monoacid as ke mecihvl saster Sariva=ive

in liver extrac:t samples.
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Selaccad icn monitorine (z/z *37) EIMS =raszs Sor =h2 final Gatarm
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-
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ABSTRACT

7 Samples from a soybean pProcessing study were analyzed for
**\ residues of cis and trans dichlorovinyl aci (DCVA). The
" processed beans had been treated with Pounc 3.2 EC at

© 0.11 kg ai/ha (0.1 1b ai/A) in a two application foliar
Spray program. The mature beans were harvested 21 days

" following the second application. No detectable DCva

" residue was found in/on the treated soybean, solvent

. extracted meal or refined o0il. DCVA residues estimated
~to be 0.02 ng/g (ppm) were found in/on the soybean hulls.

#%.. The method of analysis involved a methanol/water blend,

' acid hydrolysis, hexane partition, butylation and florisil
column cleanup. Detection of DCVA as its butyl ester was
#%.° accomplished by electron capture (8 Ni) gas chromatography.
¥~ Method sensitivity was 0.05 ug/g (ppm) and method

i ‘ detectability was 0.01 ug/g (ppm).
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- I. INTRODUCTION

Permethin formulated as an emulsifiable concentrate,
Pounce © 3.2 EC, is currently being developed as a foliar
insecticide on soybeans. Previous studies have determined
permethrin residue levels in/on soybeans (Al, A2, A3) re-
sulting from treatment with Pounce® 3.2 EC. A study re-
porting residue levels of dichlorovinyl acid, DCVA (FMC

- 30062), a known plant metabolite of permethrin resulting

. from a field spray program has also been issued (Ad4). A
report concerning parent (permethrin) residue levels

..~ found in/on soybean processing products has also been

/. issued (A5).

The data reported herein covers the DCVA residue levels
found in/on subsamples of the same processing parts, from
the study cited above (AS). 1In addition, report M-4328
(A6) presents the meta-phenoxybenzyl alcohol (MPBA) residue
data for this same processing study. MPBA is also a known
major plant metabolite of permethrin.

II. SAMPLE HISTORY

Soybeans (variety Tracy) were grown in a.test plot in James,
- Mississippi. The plants were treated with Pounc 3.2 EC
| at 0.11 kg ai/ha (0.1 1b ai/A) in a two application foliar
' . spray program. Treatments were applied by aircraft and
. 1.0 gallon per acre of finished spray was used per application.
: The first treatment was applied at early pod development and
iv. the second 21 days before harvest. At maturity, the soybeans
were harvested and a representative sample was shipped to

the Oilseed Products Division at Texas A&M University for
processing.

- The soybeans were cracked and hulls removed from meats.,
The meats were flaked to 0.015-0.020 inches in thickness
~and solvent extracted using Skellysolve F. Crude oil

was recovered from the solvent. The crude o0il was re-

.. fined using the official laboratory method of the

.. American Oil Chemist Society (Bl). The refined 0il ‘was

~ bleached and deoderized. Samples of unprocessed beans,

hulls, solvent extracted meal, refined oil and alkaline

soapstock were collected and shipped to the FMC residue

5, - analysis lab at Richmond, California, where analysis for

-+ permethrin were performed. A subsample of each part was

sent to the FMC residue analysis laboratory at Middleport,

. New York. The samples were stored at -20°C until analyzed.

ANALYTICAL METHOD

. Figure 1 diagrams the method of analysis employed for the
4" DCVA residue determination.

1~NG
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FIGURE 1

FLOW SCHEME FOR THE ANALYSIS OF DCVA IN/ON SOYBEANS

[ BLEND CROP_(METHANOL,/WATER) g

FILTER, RINSE

DISCARD €~ EXTRACT (DICHLOROMETHANE) |

REMOVE METHANOL

[ADD _ACID, WATER, REFLUX ]

[ EXTRACT (HEXANE) |

CONCENTRATE

((ADD_BUTANOL-HCI REFLUX P
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AEEaratus'

Condensor, Reflux

Food Chopper, Hobart Model 4114 (or equivalent)

Food Blender, Waring

Flask, round bottom 250 ml with 24/40 € fittings

Flask, Vacuum Filter 500 ml :

Flask, round bottom 100 ml :

Funnel, Buchner glass with coarse sintered glass frit

Funnel, separatory 250, 500 ml

Liquid chromatographic column, 19 mm I.D. X 15 cm with
200 ml reservoir

Kuderna-Danish evaporative concentrator

Synder column, 280 mm

Steam bath

Assorted standard laboratory glassware

Instrumentation

Gas chrggatograph - Hewlett-Packard 5700 equipped with
a Ni electron capture detector (ECD)

Column gas chromatographic, 2 mm X 122 em packed with
5% OV-210 on 80-100 M chromosorb WHP (Supelco)

Reagents

Argon/methane (95/5) compressed gas :
1-Butanol distilled in glass (Burdick & Jackson)
Celite 545, Fisher '

Chemsolve®™ , Mallinckrodt

Dichloromethane, laboratory distilled

Ethyl acetate, distilled in glass, Burdick & Jackson
Florisil, 100/200 m, Floridin Co.

Glass wool, fiber, Pyrex

Hexane, resi-analyzed, Baker

Hydrochloric acid, concentrated

Hydrogen chloride, compressed gas
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Procedure (Hulls, Solvent Extracted Meal)

All glassware was thoroughly washed with a non-phosphorous
detergent, water rinse , Chemsolve (or caustic) soak, water
rinse, and final methanol rinse.

%% - Twenty grams of macerated crop was blended with 200 ml

<. '2:;1 methanol/water (v/v) at high speed for five minutes
and filtered through a bed of Celite. The filter pad

=~ was rinsed with an additional 50 ml of blending solution.

. The blend solution was made basic (pH = 8.3) by the drop-
+ wise addition of 0.1N NaOH. The solution was extracted

twice with 250 ml dichloromethane (DCM). The DCM was

discarded. One half the sample by volume (equivalent t

ten grams crop) was concentrated to 10-30 ml on a Rinc

¥, vacuum concentrator. Water and concentrated hydrochloric

7+ acid were added to give 100 ml at 1.0N. This agqueous
solution was refluxed 1 hour and cooled. The hydrolysate
was extracted twice with 100 ml hexane. The hexane was
dried over a minimum amount of sodium sulfate which was
prerinsed with ethyl acetate. The hexane was concentrated
on a steam bath in a Kuderna-Danish concentrator to € 5 ml.
The residue was taken just to dryness under a gentle

- stream of nitrogen. To this was added 10 ml of butanol

% which was saturated with gaseous hydrogen chloride. The

" mixture was refluxed 0.5 hours employing a water trap to

control HC1l fumes and cooled. The condensors were

rinsed with two 10 ml portions distilled water. This

; ~ Mmixture was transferred to a separatory funnel. Five ml

. 6N sodium hydroxide was_added and the mixture extracted

' 3 times with 40 ml hexane. The héxane extract was washed

with 120 ml 0.1N sodium hydroxide. The hexane was dried

»Y with & minimum amount (1-2 g) of prerinsed sodium sulfate.
The mixture was concentrated in a Kuderna-Danish concen-
trator to 5 ml and reduced further to 1 ml under a gentle
stream of nitrogen. This material was then subjected to

an open column cleanup. The column was prepared in the
following manner.

A 150 mm X 19 mm (i.d.) glass column equipped with a
teflon stopcock and 250 ml bulb reservoir was used. A
Plug of glasswool (prerinsed with ethyl acetate) and

10 g of florisil (100-200 M) which was deactivated to a
moisture content of 2.8 + 0.3 weight percent and 0.5 g
annhydrous sodium sulfate (prerinsed with ethyl acetate)
'were placed sequentially in the column. The column was
prewet with 20 ml hexane. The sample was transferred to
 the column with several 1 ml rinses of hexane. Fifty ml
of hexane were eluted and discarded. Fifty ml 10% ethyl
%% acetate/hexane (v/v) were then eluted and collected.

- Three ml toluene were added and the eluent was reduced

R o™ "",'ﬁ !w.g
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"'to @ 5 ml on a steambath in a Kuderna-Danish concentrator.

This residue was transferred to a graduated centrifuge

-tube. The sample was concentrated under a gentle stream

of nitrogen to exactly 3 ml for quantitation.

Procedure (0il)

The procedure for oil was the same as that for hulls and
meal except that the initial methanol/water blend was
extracted twice with 100 ml DCM and twice with 100 ml
hexane and these two organic phases discarded.

‘Procedure (Soybean)

The procedure for soybeans was the same as that for hulls
and meal except a second cleanup column was employed.

The eluent from the 10 g florisil column was concentrated
to 1 ml. This residue was transferred to a 10 mm (i.d.)

X 120 mm column containing 1.0 g of activated (24 hours

at 120°C, moisture content @ < 0.5%) florisil. The column
was capped with 1.0 g prerinsed sodium sulfate. The

:ﬁ~column was eluted with 15 ml toluene. The toluene eluent

was then reduced to exactly 3 ml under a gentle stream of
nitrogen for quantitation.

Analysis

. Detection of the butyl esters of cis and trans DCVA was

accomplished usin? a Hewlett-Packard 5730 gas chromatograph
equipped with a °°Ni electron capture detector.

Detector Parameters -

Temperature: _ 350°C
Attenuation: 5

Column Parameters -

Length: 122 cm
Diameter: 2 mm (i.d.)
Packing: 5% OV-210 on 80-100M Chromosorb
_ WHP (Supelco)
Injector Temperature: 200°
Column Temperature: 130-140° as required for resolution
Carrier: 95/5 Argon/Methane at 50 ml/min
Recorder: HP 3380A attenuation 32

Retention times of cis- and trans-DCVA butyl esters varied

——————

. from 5.5-7.7 (cis) and 6.9-97 (trans) as a result of the
~difference in column temperature required for analysis

resolution.
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QUANTITATION

'~ Quantitation of residue values were made employing the

following formula:

: _ peak height unknown X ng standard X CF
ppm = peak height standard X mg crop injected

Where CF = 0.787, the moecular weight ratio of DCVA to
DCVA butyl ester.

The following is an example calculation. The standard
peak height and fortified height numbers are from the
chromatograms shown in Figure 2.

Peak Height 2.12 ng trans butyl DCVA = 23 mm
Peak Height Sample = 10 mm (trans)
Crop Injected = 6.67 mg

10 X 2.12

ppm (trans) = IR E &7 X 0.787 = 0.109

Standard Preparation

The following standards were used for fortifications and
gas chromatographic analysis:

;' Compound Reference Number
DCVA (27.8% cis, 72.2% trans) C8747-6
DCVA (100% trans) C8747-6
- DCVA Butyl Ester (100% cis) C7439-52~1
©. DCVA Butyl Ester (100% trans) C7439-52-~2

.. Standard Stock Solutions

One hundred mg of solid or as close to 100 mg as poséible

liquid standards were accurately weighed into 100 ml

{fAvolumetric flasks. These solutions were made to volgme
“with 100 ml toluene resulting in 1 upg/ul stock solutions.

These solutions were stored at 0°C in the dark.
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Fortification Standard Solution Preparation

Exactly 1 ml of each of the dichlorovinyl acid stock solutions

were diluted to 10 ml with hexane. Thig resulted in 0.1 ug/ul
fortification solutions.

Standard Injection Solution

Ten ul of each the cis' and trans DCVA-butyl ester stock
solutions were diluted in 10 ml volumetric flasks with
toluene. This resulted in a standard solution which

" “contained 1.05 ng/ul cis and 1.06 ng/ul trans-DCVA-butyl

. ester, respectively.

- Routinely, 2 to 3 ul out of 3,000 ul of the butylated extract
(equivalent to 6.67 to 10 mg of crop) was injected for
quantitation. The choice of injection volume was dependent
on the detector sensitivity at that point in time,

. ANALYTICAL LIMITS

Quantitatively reliable measurement of response (i.e.,
method sensitivity) was determined and validated by

;Jsatisfactory recovery data from fortified check samples.
- Method sensitivity was determined to be 0.05 ug/g (ppm)

for both the cis and trans isomer of DCVA. Visual
‘recognition of detector response as a peak was possible
when the detector response exceeded 1 mm in height

(0.005 nug/q). Responses up to 2 mm were considered
indistinguishable from average instrument operating back-
ground and defined as the limit of method detectability
(0.01 ug/g). Responses below the method detectability
(0.01 ug/g) are reported as non-detectable (ND). Detector

' responses greater than method detectability (0.01 Hg/q)

~and less than method sensitivity (0.05 ug/g) are reported

-'as less than the method sensitivity (< 0.05 ug/g). Any
» value reported in this area (0.01-0.05 ug/g) must be

considered to be an estimated value, as the quantitative
reliability of a number in this region is highly question-

" able.

?;The method sensitivity is limited by coextractives,

-~ particularly in the area of cis-DCVA butyl ester. The

.. Size of this response relative to responses < 0.05 would
| make quantitation below this level subject to significant
" analytical variation.

- FORTIFICATION RECOVERIES

Soybean processing product check samples were fortified
prior to the addition of the blending solution (2:1,

A methanol/water, v/v). The fortification standard (dis-
i solved in hexane) was acded with a microliter syringe
onto the crop and the solvent allowed to evaporate for
5 to 10 minutes beforefpgg_ggggﬁig £ yhe blending
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"CHECK SAMPLE
IDENTIFICATION

tation section,
hexane.
samples (10 g) w
Hg) of the forti
recovery experim

SBP-2164-78
'SBP-2164-78
SBP-2164-78

SBP-2168-78
SBP-2168-78

SBP-2166-78
SBP-2166-78
SBP-2166-78
SBP~2172-78

SBP-2172-78
58P-2172-78

£

. RESULTS

MATRIX

Soybean
Soybean
Soybean

Soybean Hull
Soybean Hull

Solvent
Extracted Meal
Solvent
Extracted Meal
Solvent
Extracted Meal

Refined 0i1
Refined 0i1
Refined 0i1l

ll’dﬁé!ans not fortified

TABLE 1

FORTIFICATION
LEVEL (PPM)
CIS TRANS
0.05 0.13
0.10 0.26
NF 0.05
0.05 0.13
NF 0.05
0.05 0.13
0.10 0.26
NF 0.05
0.05 0.13
0.10 0.26
NF 0.05

ns were pre
Stock solutions
uting to 10 ml with

Check
(0.5-3.6
Specific data for
le 1.

with 5 to 3¢ ul
fication solutions,
ents are found in Tab

RECOVERY
LEVEL (PPM)
CIS TRANS
.036 .109
. 086 . 226
NF .035
Average

- . 040 .093

NF .043
Average
.031 .080
. 062 .159
NF .036
Average
.029  .059
.058 «154
NF .032

Average

RECOVERY (Z)

CIS TRANS
72 83
86 87
NF 70
79 80%
80 72
NF 86
80 792
62 62
62 61
NF 72
62 652
58 45
58 59
NF 64
58 562

pared by taking
(quanti-

T v e < - ol
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VII.

III.

M-432a

RESULTS (Continued)

Typical chromatograms are shown

The ppm values shown on the chromatograms are uncorrected

residue, estimated
soybean hulls.

CONCLUSION .
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FIGURE 2
TYPICAL CHROMATOGRAMS FROM THE ANALYSIS OF CIS AND TRANS DCVA IN SOYBEANS
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Standard Injection

2.1 ng cis-
butyl-DCVA

AN )
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Soybean Check
Sample
SBP-2164-78

6.67 mg injected

Soybean Check
Sample
SBP-2164-78
Fortified with
0.05 ug/g cis-
DCVA + 0.13 ug/g

trans-DCVA

6.67 mg Injected

Soybean Treated
Sample
SBP-2165-78

6.67 mg Injected

Soybean Treated
Sample
SBP-2165-78
6.67 mg
Injected
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FIGURE 5

TYPLCAL CHROMATOGRAMS FROM THE ANALYSIS OF CIS AND TRANS DCVA IN REFINED BLEACHED DEODERIZED SOYBEAN OIL
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